. However, although mito-early models have gained much support among evolutionary biologists, the genomic chimaerism in eukaryotes hides a problem: most of the bacterial genes in eukaryotic genomes cannot be traced back to the alleged alphaproteobacterial ancestor of mitochondria. Instead, they seem to originate from various unrelated bacteria. Pittis and Gabaldón aimed to solve this mystery.
By tracing phylogenetic signals of proteins that were present in the last eukaryotic common ancestor (LECA), Pittis and Gabaldón identified different classes of protein according to the timing of their appearance in eukaryotes. In agreement with other findings that imply an archaeal origin for eukaryotes 5, 10 , the authors found that the oldest LECA proteins are dominated by archaea-related proteins that are involved in essential cellular functions such as replication, translation and transcription. Furthermore, the most recently acquired LECA proteins are, unsurprisingly, dominated by bacterial proteins, most notably from alphaproteobacteria, that are primarily located in mitochondria and involved in energy generation. Most of these proteins probably originate from the alphaproteobacterial ancestor of mitochondria. Intriguingly, however, Pittis and Gabaldón identified a third class of bacterial LECA protein that they infer was acquired before these mitochondrial proteins. Several of these proteins seem to be located in intracellular membrane systems, such as the endoplasmic reticulum and the Golgi apparatus.
These findings shed light on the relative timing of the origin of mitochondria and the genomic nature of the host cell. First, the results imply that the host cell was already chimaeric before the mitochondrial endosymbiosis. Second, the fact that several of the bacterial proteins that pre-date the mitochondrial endosymbiosis operate in intracellular membrane systems suggests that the host cell already displayed a considerable degree of complexity, which is supportive of a relatively late mitochondrial origin (Fig. 1) .
However, Pittis and Gabaldón's results raise a question: what, then, was the origin of the bacterial genes that pre-date mitochondrial endosymbiosis? Clearly, these genes can no longer be explained by 'inherited chimaerism' of the mitochondrial endosymbiont 11 . The authors suggest that the genes may have been acquired through previous (endo)symbiotic interactions with different bacterial partners or by serial waves of horizontal gene transfer to the host genome.
Although this question remains open, clues to an answer might come from genomes of the Lokiarchaeota phylum, members of which share a common ancestry with eukaryotes. Analysis of a lokiarchaeal genome indicated that nearly 30% of its genes display greater similarity to bacterial than to archaeal genes 5 . Despite being extensively reshaped by evolutionary processes, some of the bacterial genes in the archaeal ancestor of eukaryotes could have ended up in the genomes of presentday eukaryotes. Future exploration of new lineages of archaea and eukaryotic microorganisms will provide yet more insight into the origin and early evolution of eukaryotes, 
GRAVITATIONAL WAVES

Dawn of a new astronomy
The discovery of gravitational waves from a merging black-hole system opens a window on the Universe that promises to test gravity at its strongest, and to reveal many surprises about black holes and other astrophysical systems.
hortly after Albert Einstein delivered his theory of gravity -general relativityto the world in 1915, he discovered that binary stars and other sources should generate gravitational waves 1, 2 . Unfortunately, he also found that any imaginable source would produce gravitational waves so weak that detection was inconceivable using the technology of the day. But this inconceivable detection has now been reported by Abbott et al. The authors describe the detection of the signal GW150914 from gravitational waves generated by the merger of two black holes (Fig. 1 ). These waves were detected from the temporary, tiny changes that they induced in the lengths of the two detectors of the US-based Advanced Laser Interferometer Gravitational-Wave Observatory (Advanced LIGO). The consequences of this detection are difficult to overstate, as is its promise for future advances and discoveries. Before this discovery, astronomers had only three types of messenger from space beyond our Solar System: photons, neutrinos and high-energy cosmic rays. Gravitational waves can now be added to this short list.
Moreover, some of the most violent events in the Universe can be seen only in gravitational waves. Consider, for example, the inspiral and merger of two black holes, such as the one that caused GW150914. During the last moments of coalescence, the energy emitted in gravitational waves was tens of times larger than the energy emitted in those moments by all the stars in the Universe combined. But such an event is expected to be undetectable using any of the other messengers. Opening the gravitational-wave window will thus reveal events that had previously only been hypothesized. This window will also enable tests of general relativity in realms that were previously in accessible. We can get an idea of the domain that can now be explored by considering a dimensionless quantity, GM/Rc 2 , that measures the importance of gravity for an object of mass M and radius R (G is Newton's gravitational constant and c is the speed of light But at the event horizon of a black hole (the boundary beyond which nothing can escape the hole's gravitational field), GM/Rc 2 is roughly 1, many orders of magnitude larger than for planets and stars. Gravity can thus be tested directly at its greatest strength for the first time, by analysing GW150914 and any other signals detected for similar mergers in the future. General relativity has passed the tests set by GW150914 with flying colours 4 . This signal has also provided the most direct confirmation yet of the existence of event horizons, which are unique to black holes.
The discovery of GW150914 has profound consequences for astronomy. Previously known black holes that formed from a single star have quite a restricted mass range: the highest mass that was definitively established was found to be only about 15 times the mass of the Sun 5 . Analysis of GW150914 has doubled this mass record at a stroke (the merging black holes had masses 29 and 36 times that of the Sun 6 ), and then doubled it again (the final merged black hole is inferred to have a mass 62 times that of the Sun 6 ). The spins of black holes are notoriously difficult to measure, but Abbott et al. were able to infer the spin of the final black hole from their data: the 160-kilometre-radius black hole spins completely around 100 times per second, which is roughly 70% of the maximum possible rate for a black hole of this mass.
None of this could have happened without spectacular developments in instrumentation. Gravitational waves distort space and time only slightly at our distance from any likely sources. The distortion is characterized by a dimensionless quantity called strain, which is the fractional change in distances produced by the waves. Even for a fairly strong event such as the blackhole merger, the change is tiny: the authors find a maximum value of just 10 -21 . This means that the 4-kilometre-long, L-shaped arms of Advanced LIGO change in length by about 1/200 of the radius of a proton. Such changes can nonetheless be seen because of the exquisite precision of the optics of Advanced LIGO, the delicacy of its suspension and the power of its lasers, which all result from years of development -the LIGO detector has improved in all respects by orders of magnitude since its first conception more than 40 years ago.
Even more encouragingly, further major improvements are just around the corner. During its next run in 2016, Advanced LIGO will be able to observe about three times the volume of space that it could in 2015, and in the next year or two the Advanced Virgo detector in Italy will join the search for gravitational waves. A few years later, the Japanese Kamioka Gravitational Wave Detector will come online, and it is hoped that LIGO-India will join the hunt before 2025. This international network will also benefit from technological developments in light manipulation such as those at the GEO600 detector in Germany. The 3 report the detection of a gravitational wave, which they attribute to the coalescence of two black holes. a, The wave was first detected at approximately 35 Hz, as it reached the sensitivity range of Advanced LIGO (the detecting observatory). At this point, the black holes were spiralling in towards each other. The depicted radii are proportional to the black-holes' masses. b, The wave frequency increased as the black holes coalesced -at the point of merger, the black-hole horizons overlapped, but had not settled down to their final state. c, The wave dissipated as the merged black hole attained its final, simple configuration. The wave depicted here is based on observational data, but has been smoothed and fitted to a numerical model based on general relativity; strain represents the fractional changes in distance that are produced by the waves. (Adapted from ref. 
C H I LU O & P E R E P U I G S E R V E R
E xcess food intake causes obesity and is linked to many life-threatening diseases, including cardiovascular disease and cancer 1 . Ingested dietary components cause a well-understood physiological response that readjusts metabolism and restores energy balance, and that is controlled by nutrients, hormones and systemic factors 2 . But little is known about how dietary components might affect stem-cell biology to alter tissue function or tumour development 3 . On page 53 of this issue, Beyaz et al. 4 show that an increase in diet ary fat directly promotes the proliferation of intestinal stem cells (ISCs) and the progenitor cells to which they give rise, perhaps resulting in more 'seeds' that can develop into cancer.
Tissue homeostasis in the gut requires that resident ISCs maintain a dynamic balance between self-renewal, which expands the stem-cell pool, and differentiation into daughters -intestinal progenitors that eventually give rise to all the mature lineages of the intestinal epithelium (the intestinal lining). Nutrients cause changes in a variety of circulating factors that influence adult stem-cell biology, affecting this balance and so altering tissue remodelling and regeneration 2 . In addition, ISCs are in close contact with dietary constituents undergoing digestion, and so are directly regulated by molecular components of ingested food.
Beyaz et al. report that a high-fat diet (HFD) elevates the number and proliferation rate of both ISCs and progenitors in mice. This alteration led to elongation and regeneration of pits in the epithelium called crypts, in which these cell types are located. The HFD augmented the ability of intestinal crypts to give rise to mini-gut-like structures called organoids when cultured in vitro -an approach that is widely used to assay ISC activity. Progenitors from HFD mice could also form organoids, suggesting that they become more stem-cell-like under HFD conditions (Fig. 1) . Rather than being a result of obesity per se, these changes in ISC and progenitor behaviour were caused by certain fatty acids in the HFD.
Despite the changes in ISC and progenitor function, Beyaz and colleagues found that the overall length and weight of the intestine were reduced in mice fed an HFD, compared with control animals. And, explaining this finding, the number of certain mature cell typesabsorptive cells and Paneth cells, which defend against harmful bacteria in the gut -was lower in HFD mice. Together, these findings imply that an undifferentiated ISC pool is maintained despite the expanded numbers and increased regenerative potential of the ISCs.
Stem cells normally reside in a specialized environment called a niche, in which communication with neighbouring cells ensures their precise regulation. Paneth cells are an essential part of the niche 5 , and are interspersed throughout it. A previous study 6 from the same group revealed that calorie restriction increases the number of niche Paneth cells, promoting ISC self-renewal and subsequent intestinal regeneration. By contrast, in the current study, the authors demonstrated that an unrestricted HFD uncoupled the ISCs from their niche, allowing them to adjust to the
STEM CELLS
Dietary fat promotes intestinal dysregulation
In mice, a high-fat diet has now been found to induce intestinal progenitor cells to adopt a more stem-cell-like fate, altering the size of the gut and increasing tumour incidence. See Article p.53 resulting volume of space that can be explored will be tens of times greater than could be seen during the GW150914 detection, and will allow the direction of future events to be determined much more accurately than was possible for GW150914.
Surprises undoubtedly await, particularly given that the ability to detect gravitational waves at new frequency ranges is being developed in facilities such as the space-based Evolved Laser Interferometer Space Antenna and the ground-based International Pulsar Timing Array, and for various experiments that are studying the polarization of the cosmic microwave background (the oldest light in the Universe). Just as when Galileo turned his telescope to the heavens for the first time, every thing will be new. It is truly a privilege to be present at the dawn of gravitational-wave astronomy. ■ 4 report that some of the fatty acids in a high-fat diet (HFD) activate a signalling cascade that involves the nuclear receptor protein PPAR-δ and the protein β-catenin. The cascade increases ISC and progenitor proliferation, makes progenitors more stem-cell-like and enables ISCs to grow in the absence of signals from Paneth cells. This HFD-mediated expansion of the stem and progenitor pool promotes tumour formation.
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